ABSTRACT
Introduction
Due to the rotation of the Earth, organisms inevitably experience 24 hours of day and night. Due to the day-and-night cycle, or rather the regular change between light and dark, organisms on Earth possess endogenous circadian rhythms, which are vital in adapting to changes in one's environment and sustaining life. Existing research illuminates the effects of changes in the circadian rhythms of animals. 1, 2 The suprachiasmatic nucleus (SCN) of the hypothalamus plays the most important role in the maintenance of the mammalian biological clock.
1,2 The SCN receives photosensitive information The purpose of the present study was to record the time at which biological phenomena stop in different hospital wards and determine regular patterns in times of death, as well as any associated factors.
Subjects and Methods
This is a retrospective study in which the subjects consisted of 6,517 inpatients at the Keimyung University Dongsan Medical
Center who died between January 2006 and December 2012. A comparative analysis was conducted for the mortality distribution between the intensive care unit (ICU) and general wards (GW) according to year, month, day of week, hour of day, disease entity, and age and sex of the patients. We collected the data on all deaths in the ICU and GW for 7 years and used a cross analysis process, which shows absolute numbers and proportions, for comparison of the wards. The flow of mortality in the ICU and GW was analyzed using annual, monthly, and weekly data. The daily pattern of death was divided by 2-hour periods and the proportion of death by age was divided by decade. The mortality cases in two wards were compared by sex and surgical status, and the format of mortality distribution used International
Classification of Disease (ICD) categories.
Statistical analysis
The statistical significance level was set at 5% and all calculations were two-tailed. The ICU saw the highest number of deaths in January (9.5%) and September (8.8%), whereas the GW saw the highest number in January (9.1%) and August (9.0%). The ICU saw the highest number of deaths in winter, and the GW in summer, with no statistical difference between the two wards (p-value for season =0.76, p-value for month =0.87; Table 2 ). Figure 2 shows the trend line of death by months.
When mortality was examined in 1-hour intervals, no statistical difference was found between the two wards (p=0.09). When examined in 2-hour intervals, the ICU peaked in number of deaths at 14:00 to 16:00 hours (9.2%) and 20:00 to 22:00 hours (9.1%), whereas the GW peaked at 06:00 to 08:00 hours (9.6%) and 10:00 to 12:00 hours (9.4%). Examined by 8-hour intervals, the ICU showed a similar number of deaths for morning (from 4 to 12), evening (from 12 to 20) and night (from 20 to 4) hours;
the GW showed peak numbers in the morning hours, with a significant statistical difference between the two wards (p-value for 8-hour intervals =0.04, p-value for 2-hour intervals =0.03, Table 3 ). Mortality distribution by hour of day using a trend line is presented in Figure 3 . Online supplementary figure 2 A monthly analysis showed that mortality rate in the GW was highest in January or July to September. GW, general ward; ICU, intensive care unit. Figure 3 . Mortality distribution by hour of day. There is a higher mortality rate in the early morning hours (04:00-06:00 AM) in the GW. GW, general ward; ICU, intensive care unit. Table 6 ). Figure 4 shows the trend line of deaths.
Patients whose diseases fell under ICD group I (diseases of the circulatory system) died most often in the ICU (28.3%), whereas those whose diseases fell under group C (neoplasms) had the highest mortality rate in the GW (77.7%). The difference was statistically significant (p<0.01; Table 7 ). In both wards, the patients who did not receive surgical treatment had significantly higher mortality than those who did (p<0.01; Table 8 ).
Discussion

How does time of death differ between hospital wards?
Several interesting facts emerge when mortality rates between 2006 and 2012 in the two hospital wards of the study site are examined. Malignant neoplasms remain the most common cause 
Why are ICU deaths increasing?
Reasons for the decreasing trend in the number of deaths in the Figure 5 . Mortality distribution by ICD categories. Malignant neoplasms remain the most common cause of death in the GW, in line with many previous reports, whereas diseases of the circulatory system are the most common cause of death in the ICU. ICD, International Classification of disease; GW, general ward; ICU, intensive care unit. A, B: Certain infectious and parasitic diseases; C: neoplasms; D: blood and hematopoiesis; E: endocrine and metabolism; F: mental and behavioral disorders; G: nervous system; H: eye, adnexa, ear, and mastoid process; I: circulatory system; J: respiratory system; K: digestive system; L: skin and subcutaneous tissue; M: musculoskeletal system; N: genitourinary system; O: pregnancy and childbirth; P: perinatal period; Q: congenital malformations, deformations, and chromosomal abnormalities; R: miscellaneous; S, T: injury, poisoning, and external causes; U: codes for special purposes; V, Y: external causes of morbidity and mortality; Z: factors influencing health status and contract with health services.
How does mortality rate change in different months?
Management of medical personnel affects the mortality rate in a hospital. Another study reported that in-hospital mortality rates are affected by human resource management systems. 4 Moreover, mortality rates increase when resident doctors first begin in-hospital work. 5 At the site of the present study, a monthly analysis showed that the mortality rate in the GW was highest in January or July to September, which were time periods The present study showed that in the GW, high mortality rates occurred on weekends, whereas in the ICU, higher mortality rates occurred on Wednesdays and Thursdays (Figure 4) . Although not many studies have analyzed inpatient mortality rates based on the day of the week, outpatients and inpatients may still be considered to possess similar circadian rhythms, under the assumption that in a Chinese population admitted to a coronary care unit for AMI and reported that the incidence rate on Sundays was relatively low and that no peak incidence was seen on Mondays. 13 Furthermore, another study on the incidence rate of AMI among a Chinese population showed that the rate was highest on Saturdays, with statistical significance. 14 In a Japanese population, the weekly and monthly changes in terms of aortic dissection incidence showed no clear difference between the days of the week. 15 Thus, race may also be a factor involved in differences in circadian rhythms.
Neumann et al. analyzed the hourly, weekly, and monthly mortality rates of terminal cancer patients, and found that rates between 08:00 and 10:00 hours and 16:00 and 18:00 hours were higher than those in night hours. The causes may be related to an increase in platelet aggregation, hypercoagulability, and catecholamine secretion, which are all related to sudden cardiac death. Weekly and monthly comparisons between mortality rates showed unclear results. 16 The differences in the time-of-day, day-of-week, and monthly patterns of mortality rates in the ICU and GW may be accounted for by the preservation of circadian rhythms in GW patients, due to their having fewer disturbances in endogenous hormones and physiological changes. Meanwhile, the changes in the circadian rhythms of the ICU patients might have been caused by the differences in disease distribution, hospital room environments, and use of various drugs. However, further research is needed to precisely determine the cause of the aforementioned effects.
Conclusion
In conclusion, the difference between ICU and GW is notable in diurnal variation. This difference is explained by the presence of preserved circadian rhythm. ICU patients might have been influenced by more factors of environmental change than GW patients, such as differences in disease distribution, hospital room environments, and use of various drugs; therefore, ICU patients show different circadian rhythm than GW patients. However, a limitation of our study is that we did not investigate the direct causation of circadian variation and other factors mentioned above.
